ABSTRACT The study was conducted to investigate the effect of weed interference and starter fertilizer on subsequent soybean seed quality at the Agricultural Research Farm and Laboratory of Razi University, Kermanshah, Iran. Two factorial experiment was laid-outon a randomized complete block design with four replications. First factor was starter fertilizer levels (0 and 25 kg ha -1 ) applied in the forms of monoammonium phosphate, the second factor was different weed interference periods consisted of five initial weed-free periods (in which, plots were kept free of weeds for 0, 15, 30, 45 and 60 days after crop emergence (DAE) and then weeds were allowed to grow until harvest) and five initial weed-infested periods (in which, weeds were allowed to grow for 0, 15, 30, 45 and 60DAE, after which the plots were kept free of weeds until harvest). Full season weedy condition reduced 100-seed weight, seed germination percentage and seedling dry weight by 25.9, 13.3 and 22.5%, respectively and increased mean germination time and seed electrical conductivity by 55.8 and 24.3%, respectively as compared with full season weed-free control. However, the traits under study were not significantly influenced when field was kept free of weeds for at least 45 DAE (R1) or weedy condition was continued for less than 30 DAE (V8).
INTRODUCTION
Soybean (Glycine max [L.] Merr.) is one of the most important oil seed crops, which is planted in many regions of Iran. It is a valuable source of edible oil and protein for human nutrition. The success of a soybean production system is highly dependent on the seed quality used for planting. High quality seed lots may improve crop yield in two ways: first because seedling emergence from the seedbed is rapid and uniform, leading to the production of vigorous plants, and second the percentage seedling emergence is high were optimum plant population density could be achieved under a wide rang of environmental conditions (GhassemiGolezani and Mazloomi-Oskooyi 2008) . Seed quality is affected by various factors experienced during development and maturation (Vieira et al. 1992; Westgate et al. 1989) . Environmental stresses during the growth and development of the mother plant may influence the quality of the produced seeds. For example, Smiciklas et al. (1989) observed that water stress during the seed filling period induced a reduction in seed quality of soybean as assessed by germination and conductivity results.
However, different opinions with regard to the influence of stress conditions during plant development on seed germination and vigour exist. According to Vieira et al. (1992) drought and lack of fertilization decreased the germination of soybean seed but a decrease in seed vigour was evident only when stress was intense enough to cause wrinkled and / or underdeveloped seeds. Other research workers found a decrease in both germination and seed vigour of soybean (Westgate et al. 1989; Keigley and Mullen 1976) and corn (Hunter et al. 1977; Cloninger et al. 1975 ) seed developing in stress conditions as drought.
In soybean, weed infestation is considered a persistent and complex constraint in many regions of production world-wide, as it influences soybean growth and development through competition for nutrients, water and light (Vollmann et al. 2010) as well as the production of allelopathic compounds (Rice 1984; Bhowmik and Doll 1982) . According to the literature review, there is a little information related to the effect of weed interference on the quality of crop seeds. For example, Saayman and Van De Venter (1996) reported that both germination and vigour of corn seeds decreased with an increase in weed density. They also observed an increase in the mean time to corn seedling emergence with an increase in weed density indicating reduced seed vigour. However, we did not find any report on the effect of weed interference on subsequent seed germination and vigour of soybean.
Therefore, the present study was conducted to evaluate the effect of different weed interference periods under two levels fertilizer levels (0 and 25
) on subsequent seed quality of soybean. (Loeffler et al. 1988; Yaklich et al. 1979) and it is recommended in the manual of vigour tests (ISTA 1995) . SEC was determined by two replicates of 50 seeds (EC 1 and EC 2 ) from each plot. Each seed sample was weighed (SW 1 and SW 2 ) and then immersed in 250 ml distilled water for 24 h at 20˚C. Then the seed-steep water was gently decanted and EC was measured using an EC meter.
MATERIALS and METHODS
Following equation was used to calculate SEC (Powell et al. 1984) :
Weed biomass (WB) was also measured by harves- Abbreviations：SGP, seed germination percentage; MGT, mean germination time; SDW, seedling dry weight; SEC, seed electrical conductivity; 100-SW, 100-seed weight; WB, weed biomass. ns, * and **: Non significant and significant at the 0.05 and 0.01 level of probability, respectively. 
RESULTS and DISCUSSION
Analysis of variance ( (Table 3 ). In general, weed presence less than 30 days after soybean emergence had no notable effect on quality of the produced seeds (Table   3 ). This can be attributed to the lack of severe competition between soybean plants and weeds in order to acquire the environmental resources during this period. According to Gibson and Liebman (2003) water and nutrients are often in sufficient supply early in the season to support both the crop and weed seedlings and light competition does not occur until the weed canopy shades the crop. Or it may be that soybean growth and development is sufficient plastic at V8 to recover after weeds are removed. Moreover, when weed free condition was continued until 45 DAE, the few weeds emerging after this time accumulated little biomass and did not significantly affect soybean seed quality (Table   3 ). This was probably due to the higher competitive ability of soybean against weeds at R1 development stage resulting from its canopy closure. Other researchers have also suggested that the establishment and competition of weeds were reduced following crop canopy closure, because weeds that emerge later are suppressed by shading from the crop (Mohammadi et al. 2005; Martin et al., 2001; Malik et al. 1993; Swanton and Weise 1991) .
However, weed free condition less than 45 DAE significantly influenced the traits under study (Table 3) .
Among the evaluated traits, SGP was less affected by weed presence, so that when field kept free of weeds for only 15 DAE, this traits was not significantly influenced (Table 3) . Moreover, weedy condition from 15 to 30 DAE reduced SGP by only 5%, which was not statistically significant (Table 3) . It seems that soybean seed germination is less sensitive to environmental stresses compared to its vigour. As determined visually, when weed-free condition was less than 45 DAE or weed infested period was continued for at least 30 DAE, soybean plants produced wrinkled and underdeveloped seeds with lower weights (Table 3) .
Seed development is characterized by numerous cell divisions and differentiation of organs, acquisition of assimilates from the mother plant and consequently a substantial increase in seed weight (Ellis and Pieta Filho 1992) . Since, the subsequent crop seed weight and quality can be influenced by the environmental condition of the mother plants, therefore, it is concluded that weeds by competing for light, water and nutrients (Massinga et al. 2003; Holt 1995; Di Tomaso 1995; Tollenaar et al. 1994; Jones and Walker 1993) as well as through the production of allelopathic compounds (Rice 1984; Bhowmik and Doll 1982) can suppress crop growth and development and consequently reduce weight and vigour of the produced seeds.
Saayman and Van de Venter (1996) found that germination and seedling emergence of corn seed harvested in the case of competition of the mother plants with Xanthium strumarium decrease with an increase in weed density. Generally, in our study, the variation in weed biomass produced was inverse to variation in seed weight. This was supported by significant and negative correlation between WB and seed weight (r = -0.93). Moreover there were negative and significant correlations between seed weight and MGT and SEC (r = -0.95 and -0.92, respectively).
Whereas, the correlations between seed weight and SGP and SDW were positive and significant (r = 0.89 and 0.86, respectively). In other words, seed germina- Singh et al. (1972) reported that large seeds of soybean had greater supply of stored energy to support early seedling growth. Vieira et al. (1992) also suggested that when stress was intense enough to cause wrinkled and underdeveloped seed, a decrease in seed vigour was evident.
Although, the highest SGP (100%) was obtained when starter fertilizer was applied and field was kept free of weeds for all of the growing season or until 60 DAE, but this trait did not show a well-defined response to different weed treatments at both starter fertilizer levels (Table 4) . However, without starter fertilizer, full season weedy condition reduced SGP by 10% as compared with weed free control (WFC).
Whereas, this reduction was 14% when starter fertilizer was applied (Table 4 ).
In general, at both starter fertilizer levels, weed interference reduced soybean seed quality compared to WFC, but the reductions were higher when starter fertilizer was applied. Moreover, seed weight and quality reductions were more evident in weed infested (WI) compared to weed-free (WF) treatments. In other words, the increased weed infested period showed more harmful effects on soybean seed weight and quality than the reduced weed-free period (Table 3) . It can be explained by the higher weed biomass produced at WI than WF treatments (Table 3) 
CONCLUSION
This study revealed that although weed interference in soybean caused a decrease in the quality of the produced seeds, but the notable reduction in seed quality did not occur when field was kept free of weeds for at least 45 (R1 development stage) or weedy condition was continued for less than 30 (V8 development stage) days after soybean emergence. Moreover, soybean seed quality reduction due to weed interference was more evident when starter fertilizer was applied and weeds interfered with soybean from the beginning of the growing season (WI treatments).
Information from the present study is beneficial in soybean seed production systems and where farmers use the harvested seeds for the following planting.
